The genus Inocybe (including subgenus Mallocybe) is a significant component of the ectomycorrhizal community in arctic and alpine habitats in terms of both diversity and distribution. Species are associated primarily with low woody shrubs of Salix, Betula and Dryas. There is evidence that shrubs are expanding in arctic-alpine habitats making the ectomycorrhizal fungi that support them of high interest. Here we provide the first detailed report for six Mallocybe taxa with willows from the Rocky Mountain alpine zone (WY, MT, CO) including: Inocybe arthrocystis, I. dulcamara, I. leucoloma, I. leucoblema and in the I. fulvipes group, I. substraminipes and other taxa. Phylogenetic analysis matched Rocky Mountain specimens to arctic-alpine specimens from Scandinavia. ITS sequences of Kühner and Favre type specimens were used as references for several clades. Data suggest that these species have a broad intercontinental range in arctic-alpine habitats and a few are known from the subalpine. A key to Mallocybe species in the Rocky Mountains is provided along with type information.
Introduction:
The genus Inocybe is a significant component of the ectomycorrhizal community in arctic and alpine habitats in terms of both diversity and distribution (Cripps & Horak 2009 ). Of the approximately 200+ ectomycorrhizal fungi reported in northern colddominated regions, over half are concentrated in just two genera, Cortinarius and Inocybe (Cripps & Horak 2009 ). In arctic-alpine habitats, they are primarily associated with the low woody shrubs Salix, Betula, Dryas and the herbal plant Bistorta (Polygonaceae), although there are scattered reports with other hosts. Recent studies suggest that there is evidence that woody shrubs are expanding in both arctic and alpine areas due to changes in climate (Sturm et al. 2001 , Walker et al. 2006 , Ryberg et al. 2009 ). Chapin and Korner (1995) suggest that as few as 20 genera of vascular plants account for most of the biomass in the circumpolar arctic, and that in most alpine areas less than ten species make up 90% of the biomass; in both cases a significant portion are woody shrubs. Therefore, the ectomycorrhizal fungi that support the physiological processes and survival of arctic and alpine shrubs should be of high interest.
Over 60 species of Inocybe (including subgenus Mallocybe Kuyper) have been reported in Arctic and alpine habitats (reviewed in Graff 1994 and Cripps & . Of these, approximately 20 taxa in subgenus Mallocybe have been reported in arctic and alpine habitats worldwide, with around 13 reported consistently and from more than one area ( Table 1 ).
The genus Inocybe was previously considered part of the Cortinariaceae, but is now regarded as an independent family Inocybaceae as interpreted from molecular phylogenetic analysis (Matheny 2005 , Matheny et al. 2006 , Ryberg et al. 2010 . Mallocybe is traditionally considered a subgenus of Inocybe (Kuyper 1986 , Stangl 1989 , Jacobsson 2008 , although recent work suggests raising it to genus rank (Matheny 2009 ). Here we maintain it as a subgenus within Inocybe for practical reasons and reserve taxonomic changes for a subsequent paper. Most species of Inocybe are characterized by smooth or nodulose brown spores that lack a germ pore; most have distinctive thick-walled pleurocystidia (metuloids) often with crystals at the apex. Subgenus Mallocybe is differentiated by a lack of metuloids (along with subgenus Inosperma sensu Stangl 1989) . Mallocybe species in general are recognized macroscopically by a fibrous or scaly often flattened pileus, a short stipe (for many), ocher, brown, or red brown coloration, a cortina (with a few exceptions), adnate lamellae (most) and the absence of a spermatic odor (odor typically of burnt sugar, honey or absent). Microscopically spores are smooth, pleurocystidia absent, cheilocystidia thin-walled without crystals, and necropigment can be observed in basidia of fresh and dried specimens (Kuyper 1986 , Stangl 1989 , Jacobsson 2008 ).
Historically, Favre (1955) in his excellent work on alpine fungi reported eight taxa of Mallocybe from the Swiss National Park, five as forms of I. dulcamara. Several of his forms have since been raised to the rank of species. Over thirty years later, Kühner reported 15 taxa of Mallocybe from the French Alps, 11 of which were new (Kühner 1988) . Some of his new species are poorly understood. Since this time, arctic and alpine Mallocybes have been reported at least from: Svalbard (Huhtinen 1987 , Gulden & Torkelsen 1996 , Greenland (Borgen et al. 2006) , Scotland (Watling 1987) , Pyrenees and Spain (Corriel 2008) , Scandinavia Huhtinen 1986, Gulden 2005) , Alps (Kühner 1988 , Kühner and Lamoure 1986 , Bon 1989 , 1990 , 1991 , 1992 , Graf 1994 , Jamoni & Bon 1995 , Bizio 1995 , Moreau 2002 , Jamoni 2008 ), Canada (Ohenoja et al. 1998 , Alaska (Miller 1987 ) and the Rocky Mountains, USA (Cripps & Horak 2008) . These references were used to develop Sequences of the complete ITS region, 1200 base pairs of the 5´end of the nuclear LSU ribosomal DNA were generated. DNA extractions, PCR reactions and sequencing for recently collected specimens were performed as described in Larsson and Örstadius (2008) . Type specimens were extracted using a modified CTAB method and PCR and sequencing follow protocols described in Larsson and Jacobsson (2004) .
PHYLOGENETIC ANALYSES: Sequences were edited and assembled using Sequencher 3.1 (Gene Codes, Ann Arbor). Sequences were aligned automatically using the software MAFFT (Katoh et al. 2005) and adjusted manually using the data editor in PAUP* (Swofford 2003) . Sequences have been deposited in GenBank and accession numbers are listed in Table 2 .
Heuristic searches for most parsimonious trees were performed using PAUP*. All transformations were considered unordered and equally weighted. Variable regions with ambiguous alignment were excluded and gaps were treated as missing data. Heuristic searches with 1000 random-addition sequence replicates and TBR branch swapping were performed, saving 100 trees in each replicate. Relative robustness of clades was assessed by the bootstrap method using 1000 heuristic search replicates with 100 random taxon addition sequence replicate, TBR swapping, saving 100 trees in each replicate. (Fig 1) . Six of the clades include North American as well as European specimens.
Results

Taxonomy
Taxa with smooth to rough stipes, no yellow in stipe base Inocybe arthrocystis Kühner (Figs. 2, 3 ) Docums. Mycol. 19(no. 74): 17 (1988) Pileus 10-25(30) mm in diameter (small), mostly conic-convex, almost bell-shaped, a few convex, with or without boss, not flat in center, ocher, dark ocher, uniformly minutely pubescent over whole cap, appearing velvety; margin turned under a bit when young, entire, not splitting, usually clean of remnants. Lamellae narrow adnate or emarginate, strikingly white or cream at first, milk coffee, then yellow brown, can be lighter at edges. Cortina not noted for most specimens, or possibly as a few fibrils. Stipe 10-25(-40) mm long, 2-4(-6) mm wide, slim, equal, straight or bit curved, dingy white at first, then pale ocher, whiter at base, surface roughened with a few longitudinal fibrils, hollow or stuffed, rubbery. Context dingy white to pale watery brown. Odor absent.
Spores brown, (8)9.5-12(-14) x 4.5-5.5(-6.5) μm, on average 11 x 5 μm, long and narrow, quotient of length to width around 2, regular, tending towards narrowly cylindrical, subphaesoliform, some with broad conic apex, length variable. Basidia 35-40(-50) x 8-11(-13) μm, clavate, 4-sterigmate, a few 2-sterigmate. Pleurocystidia absent. Cheilocystidia articulated, in chains, mostly clavate, a few broader, 10-30 x 8-18 μm, abundant, with pale or brown contents; walls thin, some slightly encrusted. Clamp connections present and obvious on articulated cystidia. Remarks: This Mallocybe possesses a bellshaped, uniformly pubescent ocher pileus and white to pale ocher stipe; the lamellae are often strikingly white but can be more yellow brown. For all specimens, the cortina was not apparent (clean margin) and an odor was lacking. This taxon is microscopically similar to I. malenconii which has a flatter cap with more brown coloration and wider cystidia. Our specimens fit Kühner's Type description and micro-features (Fig. 3) . This is the first report of I. arthrocystis from the Rocky Mountain alpine, although it is known from arctic-alpine areas of Europe and Greenland. Remarks: Our specimens fit nicely into the I. dulcamara clade described in the broad sense (Favre's forme Typique). Specimens are typically pale ocher with rather smooth cap, olive yellowish gills, fibrous ocher stipe, white stipe base, with an odor of burnt sugar. The Beartooth specimens with a white peronate sheath and 2-spored basidia group molecularly with 4-spored specimens. This taxon is apparently widespread in the Rocky Mountains alpine zone and is known from other arctic-alpine areas with willows. It is also reported from subalpine areas and with aspen in the Rockies (Cripps 1997 Remarks: The robust specimens found in Dryas are covered with white fibrils when young and conform to the type description of I. leucoblema by Kühner; this includes the somewhat domed pileus when young and thick flesh plus spore size and cystidial shape (Kühner and Romagnesi 1953) . This is the first report of this species from the Rocky Mountain alpine zone. It is reported from other arctic-alpine areas of the world as well as from boreal to subalpine habitats in both Europe and North America. Ecology: alpine habitat, often in wet areas, noted with both shrub (S. planifolia) and dwarf (S. reticulata) willows.
Inocybe leucoloma
Remarks: When young, the slim delicate fruiting bodies are covered with copious white tissue, making this taxon distinctive. In older specimens, tissue is apparent only at the cap margin and on the stem as bands of white fibrils. Inocybe leucoblema is also covered with white tissue but is a more robust species. Older specimens that lack white tissue might be mistaken for a small I. dulcamara. This species is known from the European alpine and this is the first record for the Rocky Mountains. Our specimens were matched molecularly to Kühner's Type, fit Kühner's Type description, and match microscopic features of Type (Fig. 6) . Pileus (robust) 20-50 mm in diameter, robust, convex, shallow convex, ocher, golden brown, orange brown, appressed fibrillose scaly, tomentose, occasionally areolate in center; margin curves down, often rolls under, with yellowish (appendiculate) veil tissue overhanging lamellae or not. Lamellae adnate, narrow or broad attachment, narrow to broad, golden yellow, golden brown, orange brown, paler when young. Cortina cottony whitish yellow, leaving tissue on cap margin and superior zone on stipe. Stipe robust, firm, up to 15-40 mm long x 5-10 mm wide, equal, covered with dingy whitish yellow floccules or scales that flare upward, pale cap color, ocher, yellow brown, white at base exterior, hollow or stuffed, rubbery. Context pale yellowish, yellow, golden brown, ocher, more golden or yellow at base. Odor faint. Basidiomes dry yellow brown (flesh dries pale orange) in NA collections.
Spores brown, (8)9-11 x 4.5-5.5 μm, on average 9.8 x 5 μm, smooth, regular or subphaesoliform. Basidia 25-40 x 7-10 μm, clavate, some with yellow granular contents, mostly 4-sterigmate, a few 2-sterigmate. (Fig. 7, 8 ). Pleurocystidia for NA specimens are thinner and can be more attenuated, although they are variable in areas of the hymenium. Kühner included rare sphaeropedunculate cells in his Type description which are presented as paracystidia on gill sides in ours. The morphological variation is also reflected in the sequence data of the I. fulvipes clade with at least four sequence types. There is no clear correlation between sequence data and morphology except for the two taxa described here. More data and further analysis is needed to disentangle the entities within this species complex, also see discussion in Eyssartier (2006) .
Outliers CLC 1649 and CLC 1731 were both with Dryas; specimens were immature and did not provide quality data, but stipes appeared smoother. The North American collections typically have a dark red brown coloration, appressed scaly pileus and upward directed fibrils on the stipe. It could be confused with other dark Mallocybes with scaly aspects (Fig. 2 , part 2) such as: I. fuscomarginata (Fig. 9b) , I. umbrinofusca (Fig.  10b) , I. terrigena, and I. squarrosoannulata (Fig. 10a) . Also compare morphological characteristics in the Key and microscopic features on the reference sheet (Fig. 11) . Rocky Mountain specimens have bright yellow flesh in the stipe base (especially when frozen), but this was not a consistent character for each basidiome. Yellow would be expected inside the stipe base of the I. fulvipes group. Our specimens dried red brown in contrast to subclade A that dries more yellow brown (at least for NA collections). When yellow does occur in the stipe base of specimens in subclade B, it can persist on drying. Since the types of other taxa in the I. fulvipes group such as I. fulvipes (Fig. 8a) and I. paludosa (Fig. 8b) are not available we cannot yet name this rather distinctive taxon in subclade B, but the microscopic features do not appear to fit either of these taxa.
Inocybe fulvipes clade
Inocybe terrigena (Fr.) Kühner
This species is known from boreal to hemiboreal areas associated with Picea abies on calcareous ground in Europe and subalpine areas of the Rocky Mountains. We can here report one collection from the Rocky Mountain alpine zone with morphology similar to I. terrigena. The fruiting bodies are distinctly smaller and the ITS sequence differ in a few base pairs from the boreal specimens indicating that it may different. We need more data before giving a detailed description of this species.
Discussion: Of eight resolved clades within
Mallocybe, six contain North American material and all are matched with European material at the species level (Fig. 1) 
